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SCANNING PHOTOVOLTAGE TECHNIQUE FOR HIGH RESOLUTION

NON-DESTRUCTIVE CHARACTERIZATION OF SEMICONDUCTOR WAFERS

1.0 INTRODUCTION r9..

1.1 Significance of the Problem

All semiconductor technologies would benefit greatly from a

high-resolution, simple and inexpensive non-destructive evaluation technique

that could characterize the types of defects near a semiconductor surface and

map their density and location across a wafer. Near-surface defects have been

shown to have an adverse effect on device yield, performance and radiation hard-

ness. In particular, the GaAs industry that fabricates both digital and micro-

wave integrated circuits requires defect mapping because of the proven
difficulty in obtaining wafer surfaces that are free of microstructural, sawing

and polishing defects, and mounting evidence of the adverse influence of such

defects on device performance and yield.

There is, at present, no satisfactory technique for the non-destructive
identification and mapping of near-surface defects in semiconductor wafers.

Such a capability would be invaluable for wafer selection and device physics

applications in support of the development and processing of advanced electronic -

devices. For example, the Wright Patterson Materials Laboratory is in the pro-

cess of initiating a four-year MM&T program to develop improved GaAs microwave

integrated circuits. This program requires a capability for selecting good

wafers or relatively defect-free zones on a wafer.

Many techniques exist for the characterization of semiconductors. Some of

these techniques, such as transmission electron microscopy (TEM), are indeed

high-resolution techniques, but have inherent disadvantages associated with

them. In the case of TEM those disadvantages are:

(1) The technique is destructive of the material (thin foils of 1000 A
thickness or less have to be prepared).

(2) The technique is not applicable to the mapping of an entire wafer.

,.' . °-.o..... ......... °. o .... . ..... .. . . .. .. . . . .. °• - . . . ° . . . - . .
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Another technique which-is often used is that of defect etching in

collaboration with optical microscopy. In this case, whole wafer mapping is a

possibility, but again the technique is destructive. Often, many microns of

material are etched away in the process of forming visible pits at defects.

Other techniques which have some value for whole-wafer defect

characterization of semiconductors include x-ray topography, Rutherford

backscattering (RBS) and the electron-beam-induced-conductivity (EBIC) mode of
SEM. X-ray topography can be performed using synchrotron radiation or

conventional high-intensity x-ray sources in both reflection and transmission
geometries. While being quite useful, these techniques offer rather limited

defect resolution (probably -100 jAm, depending somewhat on the defect in

question) and require either considerable capital investment (x-ray equipment,

etc.) or access to synchrotron radiation. Such techniques are, therefore, not

generally available to the GaAs industry.

The principal advantage of the Rutherford backscattering (RBS) technique is

that it does detect crystalline disorder, whereas the disadvantages are that it
is slow, expensive and can lead to further damage of the crystal through

radiation damage. The resolution is currently limited to about 500 pm. In

addition, effects from stress produced during sample mounting can lead to

problems with defect interpretation.

The EBIC mode of SEM, while clearly having a mapping capability and, for

defects which can be imaged, an adequate resolution (-lim), has a sensitivity

(signal/noise) that is inadequate to yield useful information regarding
near-surface defects in semiconductors. This may be due to the long absorption

length of high-energy electrons in semiconductors (a factor of five longer than

for the scanning photovoltage technique proposed herein). The EBIC technique -.-

does contaminate examined samples, in addition to causing permanent radiation

damage. Lastly, it should be pointed out that the technique carries a high

degree of "empty" resolution. The typical resolution of 1 micron is several

orders of magnitude greater than both the SEM spot size (-50 A), and the

wavelength of the incident radiation (H-.1 A for 20-keV electrons). This is

because of the "pear-shaped" distribution of the energy dissipation of the

2
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incident beam in the semiconductor. In a typical case, a 50-A-diameter incident

beam leads to a 1-.um-sized region of induced current. This phenomenon, together

with some applications of EBIC in semiconductors, are discussed by Leamy et

al. ()

Non-destructive optical techniques have also been recently developed that
can measure local resistivity variations (dark-spot scanning technique) or vari-

ation in local light scattering (for near-surface defect detection and particle

counting) in GaAs wafers. The principal advantage of these methods is that they

can be used for whole wafer mapping, whereas the disadvantages are that these

techniques have poor spatial resolution, are slow and require expensive equip-

ment. Furthermore, the correlation between wafer maps and electrically-active

material defects has not been quantitatively established.

1.2 Background of SPY Technique and Applications

A high-resolution, non-destructive characterization technique for

electrically-active defect mapping on semiconductor wafers that is particularly "

suitable for defect characterization in semi-insulating GaAs wafers is the

scanning photovoltage (SPV) technique. In this method, a highly focussed laser

spot is scanned over the sample utilizing a precision x-y stage. The differen-

tial photovoltage signal produced between two contacts at the edge of the wafer

is proportional to the electrically-active defects encountered by the laser

scan. By processing this photovoltage signal, a map of the electrically-active

bulk and surface defects can be generated.

The scanning photovoltage (SPV) technique has been utilized in a variety of

forms since at least 1959. The first reported use of it was by Oroshnik and

Many.(2) They found that resistivity inhomogeneities in germanium constitute

small junctions giving rise to easily detectable photovoltages of the order of

hundreds of microvolts. They utilized this fact to develop a sensitive and

rapid tool for exploring the homogeneity of single-crystal germanium wafers.

They used both a differential and an integral version of the technique.

I7
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More recently, a group at RCA(3,4,5) have applied both a photovoltage

spectroscopy and a laser scanning photovoltage technique in the characterization

of silicon-on-sapphire (SOS) material. Using the laser scanning technique,
(4 ) - .

they were able to demonstrate that hydrogenation of SOS decreases the magnitude

of microscopic inhomogeneities. They have also used this technique(5) in both

differential and integral (MIS) configurations to show that a high density of

microscopic inhomogeneities corresponds to a high density of crystallographic

defects such as dislocations and twins, determined using U.V. reflectance and

x-ray topography techniques.

Another application reported recently by Chappell, et al.,(6) involves

the use of surface photovoltage measurements to determine the width of the

oxygen precipitate-free zone at the surface of Czochralski-grown silicon wafers.

2.0 PROGRAM OBJECTIVES

Demonstrate a high-resolution SPV technique for semi-insulating GaAs

Correlate SPV signal with GaAs surface defects

Investigate use of non-sintered contacts on GaAs wafers

Consider multiple wavelength PV techniques and automated data handling

3.0 OVERVIEW OF PROGRESS

Phase I established the feasibility of a high-resolution photovoltage

line-scan technology that can produce subsurface defect maps on GaAs wafers.

The results obtained are summarized below:

A suitable scanning photovoltage system was developed and evaluated

for the mapping of subsurface GaAs defects.

The laser beam spot size was measured, demonstrating a beam diameter

of 1.5 microns. Utilizing a 0.5-micron-resolution x-y stage, measure-

ments of minimum size damage traces indicated that 2.5-micron surface

dislocation networks of isolated spatial extent could clearly be

resolved.

4
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The SPV line scans were correlated with subsurface damage directly

observed with cross-section transmission electron microscopy (XTEM).

The SPV signal levels correlated directly with the magnitude of damage

introduced by controlled diamond scribing.

Non-sintered contacts, located at the edge of GaAs wafers, were evalu-

ated and compared with alloyed ohmic contacts. Similar SPV scans were

produced with sintered ohmic contacts as were obtained with illuminated - '
pressure contacts.

A full-wafer SPV scan capability was demonstrated and the subsurface

damage pattern in GaAs was characterized. After the subsurface damage

was removed by an etching process, the differential SPV signal varia-

tions were significantly reduced.

Multisource operation was studied to reduce the effect of spurious

signals and reduce the integration times. The SPV aperture was modified

to accept other light sources and the use of a dc bias light was inves-
tigated. Improvement in the speed to acquire the data and some reduc-

tion in the spurious signals from the contact area was demonstrated.

The Phase I program has demonstrated that the SPV method has potential as a

high-resolution NDE technique for the quantitative mapping of GaAs subsurface

damage. A whole-wafer NDE technique has been demonstrated that indicates that

SPV responses can be used to study substrate defects in GaAs. Thus, an SPV

instrument would have valuable application for device physics studies or as a

Q/A tool.

4.0 HIGH RESOLUTION SPV SYSTEM - -

4.1 Description of Set-Up

The experimental configuration shown in Figure 1 was used to produce

high-resolution (near one micron) scanning photovoltage (SPV) responses in GaAs

0 5
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wafers. The block diagram in Figure 2 shows a schematic of the original

set-up. Figure 3 shows the inclusion of auto-focus, multiple-wavelength

capability and illuminated contacts. An infinity-corrected optical path was

implemented incorporating an ultra-long working distance objective (5OX, N.A.

0.55). The argon laser beam (A = 518 nm) is expanded and then focussed to a

diffraction-limited spot (calc. -1.2 micron). Since GaAs wafers are not flat

and have taper (nominally 10 microns) and dust particles on the chuck also

introduce nonflatness, an autofocussing system was required to automatically

scan large wafers. For direct sample inspection, alignment beam viewing optics

were also incorporated. A path to add an additional light source, either for .

sample illumination and/or for multi-beam applications, was provided.

Wafer translation is provided by a two-level x-y stage that incorporates an

electrically-controlled air-bearing stage that can be translated to four

inches. High-resolution scanning is provided by a piezoelectric x-y stage with

a resolution of 0.5 microns. A digital controller is used to coordinate the

motion of these two x-y stages; the resolution of the x-y stage decoder was ver-

ified by direct optical observations.

To evaluate the resolution of the SPV system, laser spot-size measurements

were conducted by (1) projecting the image of the spot with a long working dis-

tance (15 feet) lens; (2) direct photography; (3) by producing a melt spot in a

thin (0.5 micron) film of silicon on sapphire substrate; and (4) by detecting

the light transmitted through a grating (photomask with one-micron lines and

spaces). The best overall estimate of the laser spot size obtained from these

measurements is i/e diameter of 1.5 ±0.i microns. This spot size is slightly

larger than the expected diffraction limit and can be improved by introducing

spatial filtering.
V .

To conduct SPV defect measurements, the wafer was placed on the table and

the photovoltage monitored via contacts on the edges of the wafer. The laser

beam was modulated internally at 15 Hz, and at a later stage was mechanically

chopped. A modulated photovoltage was generated by the modulated laser beam.

In this manner, the desired photovoltage signal could be filtered from the noise

7 '@1.
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by the use of a sensitive lock-in amplifier and then displayed on the CRT and II
x-y recorder. Separate "off-line" recording enables spatial profiles of elec-

trically-active defects of the entire wafer to be recorded. We have PV-

profiled typical VHSIC SOS films with ultra-violet reflectance (UVR) eO and have

observed extreme lateral variations in the PV response. Typically, the lateral

variation has a periodicity of about 40-to-50/Am.

4.2 Contact Evaluation

In previous work, alloyed (sintered) In contacts were utilized to obtain

the SPV responses. This is undesirable because alloying the contact is destruc-

tive to the sample. In this program, we evaluated a variety of contacts and

probes with the objective of eliminating the need for alloying contacts. In

this way, potential damage to the wafer by contacting can be minimized. The

results of this study indicated that essentially ohmic behavior could be

obtained utilizing illuminated indium pressure contacts. These non-sintered

contacts were evaluated to determine the effects on the SPV responses. In Fig-

ure 4, we show the SPV responses obtained on the same wafer with a set of sin-

tered and illuminated pressure (non-sintered) contacts. These results show

essentially identical responses. This result was repeated in a number of separ-

ate samples and found to be consistent.

To produce illuminated pressure contacts, we are evaluating a fiber-optic

light source combined with microprobes to produce a convenient means of localiz-

ing the illumination on the contacts. This approach has produced excellent

electrical results, but requires some additional work to obtain acceptable

C mechanical stability.

4.3 Multiple-Wavelength Techniques -. -1

41- In the SPV technique discussed previously, monochromatic light from an

argon-ion laser is modulated and then scanned across a semi-insulating semicon-

ductor sample. A differential photovoltage signal is generated by the light and

is detected by a lock-in amplifier. The photovoltage signal results from the

t interaction of the light with spatial non-uniformities and electrically-active

defects in the sample. However, spurious signals, due to scattered light

10
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GaAs WAFER (55mm)
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00

* ~0 -
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-1.5 -.75 0 .75 1.5

DISTANCE ON WAFER, cm

Figure 4. PV Profiles -As-Received GaAs wafer.
* (A) Sintered Contacts; (B) Non-Sintered Contacts



impinging on the sample contacts, resistivity variations in the sample, barriers

introduced at film-semiconductor interfaces and bulk defects, can be a signifi-

cant part of the experimentally-observed photovoltage signal. In addition, the -

time constant of the SPV signal can be long due to the high resistance of the

sample, which requires a longer time for data collection.

In order to eliminate the spurious components from the photovoltage signal,

subtraction techniques using multiple optical sources were investigated. In the

first method, an unmodulated light source was used to lower the sample resistiv-

ity and consequently decrease the time constant. A second approach was to use

another modulated light operating at a different wavelength from the primary P-

beam. In this latter case, spurious components can be eliminated by subtraction

techniques. To implement these multi-beam approaches, additional light ports

were added to the prototype optical system. These additional ports are

0 indicated as "alternate light source" in the schematic in Figure 3.

A number of alternate light sources were considered during the course of

this program. These included a monochromatic laser source, as well as filtered

arc-lamp sources. The results of the studies suggested that an optimally fil-

tered arc lamp could provide a suitable source to eliminate both spurious sig-

nals and also the signal originating from bulk defects. The measurements with a

steady-state bias source showed that the SPV time constants for semi-insulating

GaAs samples could be reduced by at least an order of magnitude. Reproducible

SPV responses at a modulating frequency of 20-to-50 Hz, were obtained using this

method. In addition, the bias source also reduced the spurious signals near the

contact areas. Utilizing this bias-light technique, acceptable SPV signals were

0 obtained to within 5 mm of the contact area.

These initial experiments verified the benefits that could be obtained

from employing the multi-source SPV method, e.g.: (a) a reduction in effects

from spurious signals (i.e., contact effects) and, (b) a reduction in the

measurement times. Future work is required to optimize the wavelength of the

bias light source and to incorporate modulation in such a way that subtraction

techniques can be utilized. These approaches can then be utilized to separate

bulk sample inhomogeneities from surface defects.

12
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5,0 EVALUATION OF SPV DEFECT MAPPING

5.1 Demonstration of Wafer Scan Capability
,. .",

Figure 5 shows representative SPV profiles obtained over a 30-mm diameter

region of a 55-mm (2-inch) LEC-GaAs wafer (as received). These maps were

obtained at a scan rate of 0.3 mm/sec or about two minutes per line scan.

Immediately apparent is the pattern lineation in the photovoltage signals or the

correspondence of many photovoltage extrema, indicating that polishing and/or
handling scratches are the origins of these photovoltage variations. Also

apparent are the variations observed as a function of separation distance, Ay.

Scans made on this and similar samples produced a wide variation in the

photovoltage response as a function of position on the wafer surface. For

example, area A and area B indicated in Figure 5 show high and low photovoltage ._-

response, respectively. These areas on the wafer are highlighted in Figure 6,

where high-resolution scans are given. In Figure 6, line scans are given with

12-micron step size, while the insets show scans at the highest resolution

available (here the resolution is limited by the beam spot size to 1.5

microns).

These data show that the surface damage in this wafer has a spatial

distribution with pEak separations on the order of about 50 microns. This

lineated damage structure has been observed previously in GaAs and other
semiconductors, and is characteristic of damage introduced by incomplete chemi-

mechanical polishing. In addition, the high-resolution scans indicate the pre-

sence of additional localized damage (see inset) with a <10 micron spatial

extent.

The pattern of photovoltage peak heights shown in Figures 5 and 6 suggest

that high-resolution SPV mapping can provide a quantitative measure of substrate

damage. In particular, areas of high damage on the wafer are clearly

indicated. Note the high signal activity located in the region near the wafer -

flat. In addition, the largest signal variations and most erratic spatial

responses are particularly evident as the edge of the wafer is approached.

These characteristic features are also indicative of remnant surface defects.

* 13
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A. As-Received GaAs

Ay- 2.5

t(2)

E). NOP -Ga As

E AREA A
AREA 8
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..-
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-15 -75 0 75 15 -- -75 0 .75 1.
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Figure 5. PV Profiles as a Function of Position on the Wafer.
Positions 1-9 Shown in the Inset.
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E B
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0.5-~~ ~ ~ ~ ~ 1. ' . 530354

Figure 6. PV High-Resolution Profiles - As-Received GaAs Wafer.
(A) Area A -Figure 5; (B) Area B - Figure 5.
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For comparison, we show on the right hand-side of Figure 5, the SPV

responses obtained on the same wafer after some of the subsurface damage was
removed by non-contact polishing (NCP) processing. In this case, the same wafer

was mapped after NCP processing removal of about 50 microns of material from the

surface. This processing removes most of the remnant traces of subsurface

microstructural damage and internal deformation. We observe a significant

reduction in the photovoltage extrema as well as in the spatial variations

indicating that electrically-active defects have been removed along with the

surface damage. It should be noted that some photovoltage activity is still

observed in the highly defective zones, particularly near the wafer flat.

Therefore, in this area, the NCP processing did not remove sufficient material

to eliminate all the defects. These results illustrate that the SPV technique

is useful in determining the extent of remnant defects and also could be used as

a process monitor to determine polishing quality.

5.2 Resolution Measurements

5.2.1 Scribe-Induced Damage. To determine the resolution by direct damage

profiling, SPV measurements were made on scribe damage introduced on a

non-contact-polished (NCP)t LEC GaAs wafer. Scribing with a controlled-force

(automated) scriber produced narrow, yet visible, near-one-micron damage

traces. The near-surface remnant damage was removed before scribing because

previous experiments had indicated that the propagation of scribe damage is

minimized on an undamaged surface (to be discussed later). A high-resolution *.-

tNCP processing is a controlled etching procedure implemented at ARACOR to
remove remnant subsurface damage and deformation in semiconductor wafers (GaAs,
InSb, CdTe, etc.). Previous results that demonstrate the improvement of
surface quality by NCP processing have been described in reports and
publications(7,8, ). These studies include evaluation of NCP surfaces by
defect etching, RBS measurements, and measurements of improved device response
on epitaxial layers and improved electrical performance in directly
ion-implanted devices.

16
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SPV trace of such a scribe line is shown in Figure 7. The damage trace has a

measured mean width of about 2.5 microns. To correlate this SPV scan with

direct wafer damage, a cross-section transmission electron micrograph was made

to image the scribe-induced dislocations. These data are shown in Figure 8.

Direct measurements on this micrograph indicate dislocations extending about

three microns laterally. Some isolated dislocations are seen to extend about
five microns into the bulk. Comparison between the SPV and TEM damage

measurements indicates good agreement in the lateral damage profile; these data

are consistent with a laser-spot-limited resolution of about 1.5 microns.

Preliminary experiments indicated that the presence of deep subsurface
damage in conventional wafers enhances the lateral propagation of

scribing-induced defects and, thus, results in die loss during the dicing step

in GaAs wafers. In addition, it has been shown that lateral damage propagation

during scribing can be essentially eliminated on NCP-processed wafers. SPV

responses were found to accurately characterize the damage introduced by

scribing.

O.

GaAs wafers were diamond scribed using various loads followed by

examination by optical microscopy, SEM and TEM. In wafers where scribing

pressure was optimized (force ratios = 1.0, 1.5, and 2.0), visual damage was

limited to deep traces of about 1.5 microns with light slip damage surrounding
this line. When a damage delineation etch was used on these wafers, clearly

defined lateral subsurface damage, extending beyond the optically-visible deep
damage, was observed. These results are indicated in the attached micrographs

(Figure 9 and Figure 10).

To determine the influence of remnant subsurface damage on the propagation

of lateral scribing damage, standard and NCP wafers were subjected to scribing

with an optimized load pressure. The delineation of these wafers with a defect
delineation etch indicated that the lateral damage propagation was significantly

reduced in the NCP wafers (Figure 10).

" 
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Figure 7. PV Profile of Scribe Damage on NCP GaAs wafer. minimum Force
Was Used in Scribing Line. TEM in Figure 8 Shows Damage
Corresponding to this Trace.
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Figure 8. TEM Cross-Section of Scribe Damage for Same Wafer Used in Figure 7.
The Lateral Extent of Dislocations Produced by Wafer Scribing are Shown.

19

-, • -, • ... ... ... . .. . .. . .. . ........... ...... •....-........v ....... . .. ... -, ,,: .. .



2 w. V_...

V SHALLOW VISIBLE CAMAGE -3pm

-DEEP VISIBLE DAMAGE - 1. 5 pmn

SUPSURFACE DAMAGE -3Opim

*a) Schematic

* DEEP DAMAGE

SHALLOW DAMAGE

b) Micrograph

Figure 9. Scribe-Induced Damage
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(A) As Received; (B) NCP
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To clarify the extent of electrically-active defects as compared to defects

delineated by etching, high-resolution SPV scans were made on these surfaces.

The SPV responses (Figure 11) indicate that the extent of electrically-active

subsurface damage induced by scribing is about 15 to 20 microns on standard

wafers. Similar data indicate that this damage is confined to a region of about

five microns on the NCP wafers.

The delineation etching shown in Figure 10 indicates spatial variation in

the scribe damage, perhaps due to local flatness variations in the wafer

surface. Similar variations were also observed in the SPV scans of

electrically-active defects. In Figure 12, damage traces displaced by 15

microns are shown. Note the variations in both the scribe and background damage

on this as-received wafer. The influence of variations in scribe forces is

shown in Figure 13. Increases in both SPV peak and lateral responses are

observed. These data suggest that the SPV response is sensitive to both the

magnitude and lateral extent of surface damage and also suggest the quantitative

correlation between SPV response peak height and surface damage. ,. "*

5.2.2 Effect of Orientation of Damage Traces. To further illustrate the

dependence on spatial positioning of damage traces, PV profiles were obtained

perpendicular and parallel to damage traces in the substrate. Figure 14 shows

the results of these measurements. In the perpendicular line scan, the extrema

are periodic and the overall trend matches the damage concentration across the

lineated substrate damage traces. When the scan is parallel to lineated damage

in regions of low substrate density, the magnitude of the PV signal and the

periodic nature of the trace are absent. Hence, it is now clear that the

spatially-variable, electrically-active regions in the SOS film are correlated

with the pattern of development of substrate damage.

22
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Figure 11. PV High-Resolution Profile Revealing Electrically-Active
Defects Introduced by Scribing. (A) As Received; (B) NCP
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Figure 12. PV High-Resolution Profile Along Scribe -Curves Shown are

Offset by 15 Microns - As-Received GaAs Wafer.
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S.3 GaAs - Effect of Non-Contact Polishing (NCP)

Another application of the technique has been to the study of the surfaces

of semiinsulating GaAs. In particular, we have investigated the effect on the

photovoltage response of a non-contact polishing step(7,8,9). Figure 15 shows

a SPV scan through the center of a 2-inch GaAs wafer as received from a

commercial supplier. Figure 16 shows a high-resolution SPV scan on the

as-received wafer indicating damage with spatial features ranging from 5-to-50

microns. It is known from prior work that lineated damage from incomplete

polishing has spatial peaks located at 25-to-50 micron intervals. Figure 17

shows an SPV scan on the GaAs wafer after non-contact polishing (NCP). The

reduction in the differential photovoltage signal is apparent for the wafer that

received the NCP step as compared to the conventionally-polished wafer. This

experimental finding is in agreement with prior experiments at ARACOR with

NCP(7 8 ). Other characterizations of these substrates, including defect

etching and TEM indicated that the smoother photovoltage response is directly

correlated with decreased surface damage in the substrate.

The SPV scans shown are produced with a laser intensity of about 5 mW

modulated at 15 Hz. The photovoltage is amplified by an electrometer-input

preamplifier and detected by a lock-in amplifier set to integrate for 0.3

seconds. Therefore, the high-resolution scans are produced at a scan rate of

about 180 microns/minute. Increasing the x-y step size produces whole-wafer

scans (3 cm) in about two minutes.

5.4 SOS Films

The PV response from SOS films grown on Kyocera and Union Carbide sub-

strates are shown in Figure 18 and Figure 19. Additionally, Figure 20 shows a

so-called "fast scan" of an SOS film grown on a Union Carbide substrate. This

mode can provide rapid defect characterization over large areas.
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Figure 15. PV Profile -As-Received GaAs Wafer.
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6.0 SUMMARY AND CONCLUSIONS
40W.

This program focussed on evaluating the potential of the scanning

photovoltage technique for measuring the quality of semiconductor surfaces.

Measurements were made of the SPV resolution and SPV signals were correlated

with optical and electron microscopic measurements of defects. A summary of the

principal results is provided below.

- The SPV technique is a non-destructive tool if incorporated with

non-sintered contacts.

Non-sintered contacts yield essentially the same signal as sintered

contacts.

Differential SPV signal is correlated with remnant polishing/handling

damage in GaAs and can resolve near-surface defects.

Resolution is determined by beam optics and carrier diffusion length

to approximately 1 micron.

The SPV technique is applicable for whole wafer evaluation.

The SPV technique is insensitive to sample deformation effects that

limit other techniques (RBS, x-ray, etc.).

The SPV instrument as described in this report can be developed into a

commercially-viable tool for assessing the residual microstructural defect

damage in GaAs wafers, as well as surface dislocations. The results indicate

*_ that the SPV technique could be used for incoming wafer inspection, as a process

monitor to determine polishing quality and in device physics experiments for

correlating wafer surface properties with device yield, performance and

radiation hardness.
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7.0 RECOMMENDATIONS FOR FUTURE WORK
.,,.

Automated data acquisition and digital signal processing of the SPV

signal should be used to produce wafer maps. Work initiated in Phase I

to provide some digital control should be completed. .'

Optimize SPV signal to increase the detection sensitivity, resolution

and throughput rate.

Extend multi-wavelength operation in order to simultaneously resolve

surface and bulk defects and minimize spurious signals.

Improve the contacting scheme in order to minimize the wafer contact
needed to produce reliable SPV responses. Work on producing backside- -

illuminated contacts is proposed. Methods utilizing electrolytes to

contact the surfaces and provide low resistance contacts will be

investigated. The process must be optimized to minimize wafer

contamination.

Employ the SPV technique for mapping and characterizing commercial

GaAs wafers.

Correlate SPV signals with electrical measurements made on test

structures on GaAs wafers. In this manner, the influence of

process-induced defects and surface mobility variations can be

determined.

Perform cross-correlation experiments using SPV scanning, optical

microscopy with delineation etching, planar and cross-section TEM, EBIC

measurements, X-ray topography, minority carrier lifetime, Rutherford

backscattering, and thermal-wave microscopy. The purpose of these

experiments is to establish figures of merit for the PV defect maps.

(P 35 i ,
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